Abstract: INTRODUCTION: Insight into the microstructure of fetal membrane and its response to deformation is important for understanding causes of preterm premature rupture of the membrane. However, the microstructure of fetal membranes under deformation has not been visualized yet. Second harmonic generation microscopy, combined with an in-situ stretching device, can provide this valuable information. METHODS: Eight fetal membranes were marked over the cervix with methylene blue during elective caesarean section. One sample per membrane of reflected tissue, between the placenta and the cervical region, was cyclically stretched with a custom built inflation device. Samples were mounted on an in-situ stretching device and imaged with a multiphoton microscope at different deformation levels. Microstructural parameters such as thickness and collagen orientation were determined. Image entropy was evaluated for the spongy layer. RESULTS: The spongy layer consistently shows an altered collagen structure in the cervical and cycled tissue compared with the reflected membrane, corresponding to a significantly higher image entropy. An increased thickness of collagenous layers was found in cervical and stretched samples in comparison to the reflected tissue. Significant collagen fibre alignment was found to occur already at moderate deformation in all samples. CONCLUSIONS: For the first time, second harmonic generation microscopy has been used to visualize the microstructure of fetal membranes. Repeated mechanical loading was shown to affect the integrity of the amnion-chorion interface which might indicate an increased risk of premature rupture of fetal membrane. Moreover, mechanical loading might contribute to morphological alterations of the fetal membrane over the cervical region. This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. 
within 5 hours from the delivery (Fig. 1a) .
B. Inflation cyclic tests
For each FM, one sample of reflected membrane was first cyclically stretched with a custom-built 
E. Processing of images

76
Image analysis was performed to extract the entropy, the thickness and the collagen orientation.
77
2D images were exported from the microscope data and post processed in Matlab (MathWorks,
78
Natick, Massachusetts, U.S.A.) using custom written algorithms.
79
The image entropy is a statistical measure of the randomness based on the intensity histogram 80 and is used to characterize the texture of images [32] . This parameter was calculated for 81 representative images of the spongy layer with the Matlab function "entropy".
82
The thickness of collagenous layers (compact, fibroblast, spongy and reticular layers) was 83 measured from the intensity of grayscale images in the stack. An intensity factor was defined for 84 each image as the sum of pixels intensity normalized for its dimensions and grey scale. An FM [34] . Histological sections stained with resorcin fuchsin showed few thin layers of elastin, the 144 most distinct of which is below the epithelium.
145
The FM consists of two mesoscopic layers, the amnion and the chorion, connected by an 
168
The thickness of the collagenous layers was extracted for each sample at 0% of deformation. The In conclusion, the SHG microscopy was successfully applied to normal and altered tissue of FMs
186
and microstructural parameters could be determined for hydrated and untreated samples. 
